Purpose: To discuss the common characteristics of infants and children with nystagmus and review treatments and their evidence.
INTRODUCTION AND BACKGROUND
Eye care professionals are among the most common to evaluate infants and children with involuntary ocular movements, producing anxiety in the medical care provider as well as the family. The eye care professional choosing to specialize in infants and children may, in fact, see more patients with nystagmus than any other specialist. This is due to the frequent association of nystagmus with strabismus. It may be that nystagmus gets "less press" (e.g., literature, teaching, research, education) because there is less we understand or can do about it compared to strabismus or other childhood eye diseases.
Nystagmus comes from the Greek word nystagmos (to nod, drowsiness) and from nystazein (to doze), probably akin to Lithuanian snusti (also to doze). It is a rhythmic, involuntary oscillation of one or both eyes. Using the information obtained from Volume 60, 2010 clear inputs to the oculomotor system are reasonably well accepted for their role in stabilization of eye movements. These include the pursuit system, vestibular system, and a part of the vestibular nuclei responsible for gaze holding called the "neural integrator." 5 
CLINICAL FEATURES OF NYSTAGMUS IN INFANCY AND CHILDHOOD

Neonatal and Early Infantile Nystagmus
Distinguishing "acquired" from the "benign" neonatal / infantile forms of nystagmus is important because of the implicaa complete history, physical examination, radiographic and oculographic evaluations over two dozen types of nystagmus were organized and classifi ed according to a National Eye Institute supported collaborative effort by interdisciplinary national experts and is called the Classifi cation of Eye Movement Abnormalities and Strabismus (CEMAS). 1 Some forms of nystagmus are physiologic, whereas others are pathologic. Although the nystagmus is typically described by its more easily observable fast (jerk) phase, the salient clinical and pathologic feature is the presence of a slow phase in one or both directions. Thus, clinical descriptions of nystagmus is usually based on the direction of the fast phase and termed horizontal, vertical, or rotary, or any combination of these. The nystagmus may be conjugate or dysconjugate or predominantly pendular or jerky, the former referring to equal velocity to-and-fro movement of the eyes, and the latter referring to the eyes moving faster in one direction and slower in the other. Involuntary ocular oscillations containing only fast phases are "saccadic oscillations and intrusions" and not nystagmus (see CEMAS classifi cation in Table 1 ). 1 It is well documented that these differences may be diffi cult, if not impossible, to differentiate clinically. Recent advances in eye movement recording technology have increased its application in infants and children who have clinical disturbances of the ocular motor system. 2 
ETIOLOGY
Although the theoretical neuronal mechanisms of nystagmus are constantly evolving and beyond the scope of this paper it is important to state that central ocular motor control areas are either primarily or secondarily responsible for generation of the anomalous ocular motor signal(s). 3 Particularly controversial is the role of cortical motion processing in the development of nystagmus. 4 However, major supranu- The cause and precise mechanism of INS has not been elucidated. Children with this condition frequently present with a head turn, which is used to maintain the eyes in the position of gaze of the null point (point of minimum nystagmus). This is particularly prominent when the child is concentrating on a distant object, since this form of nystagmus tends to worsen with attempted fi xation. The head turn is an attempt to stabilize the image under these conditions. [6] [7] [8] tion for underlying neurologic disease in acquired nystagmus. Essentially, any pattern of nystagmus with onset in the fi rst month of life could be considered congenital and benign. However, the term "CN" has become synonymous with the most common form of neonatal nystagmus characterized by an accelerating slow phase on electronystagmography. We will replace the term CN with Infantile Nystagmus Syndrome (INS) different from the historically accepted nomenclature.
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In general, a clearly documented history of onset of any form of nystagmus in the fi rst months of life should put the examiner at ease. Unfortunately, such history is not usually available since neonatal onset nystagmus is frequently not noticed until later in life. However, two forms of neonatal nystagmus, INS and latent / FDN, are so typical that they can be assumed to have begun in the neonatal period. All other forms of nystagmus should be assumed to have been acquired, unless there is clear documentation of their neonatal onset. and is usually asymmetric to the point that it may appear unilateral. Pure unilateral forms are not uncommon. It may appear to switch eyes with changes in direction of gaze, and frequently appears worse in the abducting eye. Tremendous asymmetry is associated with amblyopia of the more involved eye.
Infantile Nystagmus Syndrome INS (Previously Congenital "Motor" Nystagmus or "CN")
Familiarity with the clinical features of INS is essential (Table 2). INS is an ocular
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Spasmus nutans may be a completely benign condition with onset in infancy and resolution within two years. However, tumors of the diencephalon can cause a condition indistinguishable from spasmus nutans. Consequently, neuroimaging or careful monitoring for visual, neurological, or endocrinological decline is essential. An intracranial tumor should be strongly suspected in any child who develops spasmus nutans after three years of age.
TREATMENTS
There are a number of signs and symptoms due to nystagmus that are amenable to treatment. The fi rst and most obvious is decreased vision ("central visual acuity," "gaze-angle" acuity, near acuity). Correction of signifi cant refractive errors in children with nystagmus is the single most powerful therapeutic intervention for improving vision and visual function in these patients. Refractive etiologies of decreased "vision" include either one or a combination of conditions-e.g., myopia, hyperopia, astigmatism, and anisometropia. These refractive conditions can contribute signifi cantly to already impaired vision in patients with other "organic" etiologies of decreased vision-e.g., amblyopia, optic nerve and / or retinal disease, oscillopsia, and the oscillation itself. The second Head oscillations are common in INS, but are not used as the strategy to improve vision, except in those rare patients with abnormal gain of their vestibulo-ocular refl ex. Head oscillations in most patients with INS probably refl ect underlying instability of cervical motor control. 9 Oscillopsia is almost never present in INS. The reason for this is unclear, but may be explained by efference copy mechanisms. Absence of oscillopsia is usually not helpful in distinguishing congenital from acquired nystagmus, since even with acquired nystagmus, small [MISSING TEXT?]
Fusion Defect Nystagmus (FDN) (Previously Called Latent / Manifest Latent Nystagmus)
Fusion defect nystagmus (FDN) is a benign, jerk nystagmus that begins in early infancy and is easily observed under monocular viewing conditions. It is bilateral and conjugate with the slow phase toward the covered eye, and the fast phase toward the viewing or suppressed eye. Strabismus, usually in the form of esotropia, is almost always present. It may be diffi cult to distinguish from INS since patients with INS, esotropia and a "latent" component will appear clinically identical to patients with FDN. The only sure way to diagnose FDN is by ocular motor recordings. FDN patients have slow phases that are predominantly decreasing velocity and linear. 10 
Spasmus Nutans (SN)
Spasmus nutans (Table 3) is the third most common "nonacquired" oscillation beginning in infancy and consisting of the association of high frequency, small amplitude, dysconjugate oscillations, a head nodding oscillation and a head tilt. This usually becomes less noticeable as the infant becomes a toddler. Unlike INS, the head nodding may result in improvement Tables 5-7 .
REVIEW OF LITERATURE
A PubMed search was carried out for the keywords: congenital nystagmus or early onset nystagmus or infantile nystagmus combined with treatment or therapy or intervention or trial. The search revealed 18 studies published after 1994 of surgical or pharmacological interventions, all of which are uncontrolled case series. There is anomalous head posturing (AHP). The etiology of the AHP includes: a "gaze-null" due to INS or acquired nystagmus (e.g., chin-down in down-beat nystagmus), an "adduction null" due to FMNS (manifest strabismus with the preferred eye fi xing in adduction) (Table 4 ), convergence damping due to INS ("nystagmus blockage"), and a periodically changing head posture due to periodic alternating nystagmus. The third is oscillopsia, which is usually due to either acquired nystagmus or a change in the sensory / motor status of patient with INS (e.g., "decompensated" strabismus, a change in the gaze null angle or decreasing acuity). Other less common associated signs and symptoms include hypoaccom- were also six studies published after 1994 of other interventions, all of which were uncontrolled case series except for one randomized controlled trial. The improvement in visual acuity in the group receiving the experimental treatment from the fi rst to the last visual acuity assessment was small (0.033 logMAR units), although this did reach signifi cance with a paired t-test. It is readily acknowledged that some of the improvements obtained in studies in Tables 7 and 8 are impressive. There is considerable face validity to some of the treatments (eye muscle surgery for abnormal head positions). Some have used sophisticated measures of ocular motor and visual function and some have gone to considerable lengths to make measurements as objective as possible, and to minimize placebo effect. One study demonstrated an improvement in nystagmoid eye movements in an individual with soft contact lenses and showed that the improvement was negated by topical anaesthetic, implicating a role for tactile feedback. The only RCT of a nystagmus intervention that the present review discovered had modest sample size and did not measure ocular motor variables. One of the reasons why RCTs are considered so important in evidence-based healthcare is because they control for the placebo effect. People with INS may be particularly prone to the placebo effect because they are highly motivated, and anecdotal reports suggest that their visual acuity and nystagmus are worse when they are under stress and so may improve with repeated measurements as patients become more relaxed in the research clinic. The placebo effect infl uences objective responses and is not strongly related to intelligence, suggestibility, or personality. Even surgical interventions are prone to placebo effects.
The studies reviewed in Tables 7 and 8 are important, representing a good start for the highest level of evidence based treatments. It is suggested that the next stage in the investigation of interventions for INS is to carry out RCTs. RCTs will probably have to be collaborative in order to obtain adequate sample sizes. Clearly, it would be unethical to give patients a placebo surgical intervention that was known to be ineffective. Many objective and subjective visual and electrophysiological variables or, outcome measures, improve as a result of intervention in patients with INS patients, suggesting that neuro visual changes take place as a result of the intervention itself. Taken as a whole the science of nystagmus research has affi rmatively answered the question, "Can we change the nystagmus?" This is not an end but, rather, another larger beginning.
